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ABSTRACT

The purpose of the study was to determine whether irradiation
(gamma or electron) or thermal processing of chicken produces factors
which are antagonistic to vitamin B-6 in the diet of rats. (These
methods of preservation all result in lowered vitamin B-6 contents rel-
ative to frozen chicken.) Male and female rats (156 each) were made
vitamin B-6 deficient by feeding a semi-purified diet devoid of vitamin
B-6. They were then repleted with various test diets containing chicken
which had been preserved by one of four methods: frozen, thermally pro-
cessed, electron or gamma irradiated. All repletion diets were supple-
mented to contain carefully controlled (marginal or high) levels of
vitamin B-6. Recovery rates were monitored by growth (weight gain) and
measurements of vitamin B-6-dependent blood enzymes (plasma and red
cell aspartate aminotransferase and alanine aminotransferase). No dif-
ferences were observed in weight gain among the chicken-fed groups.
The enzyme responses of rats fed frozen, thermally processed or elec-
tron irradiated chicken were similar. Responses of some of the enzy-
matic parameters were slightly delayed in the groups fed gamma
irradiated chicken at the marginal vitamin level. No consistent dif-
ferences were observed between any of the high vitamin groups. If an
antivitamin B-6 factor is present in gamma irradiated chicken, it is
minimal, is detectable only under conditions of marginal vitamin B-6

status, and is overcome by added dietary pyridoxine.
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FOREWORD

Recent U.S. Army protocols for the wholesomeness testing of rad-
appertized meats and poultry (1,2,) included antivitamin studies for
thiamin and vitamin B-6. These studies were designed in response to
questions raised by the Food and Drug Administration (FDA) in 1968,
after review of data in the readappertized ham petition. This fore-
word provides a brief historical background that led to the require-
ment for the antivitamin studies in the irradiated food protocols.

In 1953, the U.S. Army was assigned the task of determining the
wholesomeness of foods preserved by radappertization (sterilization
by ionizing radiation) and of developing the process. Protocols were
designed with the assistance of scientists from industry, universities,
and FDA. These studies were essentially completed by about 1964. In
general, the foods under study were canned and irradiated at ambient
temperature at two dose levels (2.79 and 5.58 mrad) with spent fuel
rods. Radappertized foods were stored at room temperature and the con-
trol canned foods were stored frozen.

Bacon was one of the most promising foods preserved by radapper-
tization. In 1963, a petition for cobalt-60 radappertized bacon was
approved by FDA (3). Subsequently, approval was obtained for irradi-
ation with 5-10 MeV electrons, 5 MeV x-rays, and Cesium-137. With the
approval of the bacon petition, a petition for ham was submitted. This
petition was based on bacon and pork data. Expert opinion was in
agreement; since ham was intermediate in degree of processing to bacon
and pork, it did not need to be tested. After review of these data in
1968, FDA concluded, in part, "Our evaluation of the raw data led us
to believe that there were suggestions of adverse effects and that,
therefore, the safety of these irradiated meats had not been established"
(4p96).

Subsequently, the U.S. Army withdrew the ham petition and FDA re-
scinded its previous approval of radappertized bacon (4pp123-124).
Although some of the suggested adverse effects reported by FDA were a
matter of opinion and interpretation, it is not the intent or purpose
of this foreword to rebut them. However, it should be recognized that
the pioneering U.S. Army irradiated food program was initiated before
the Food Additives Amendment of 1958 and its later rigorous interpre-

tation and enforcement (4pp127-132).

Pertinent to the present issue, an adverse effect was observed

"apparent production of antinutrient factors" (4p104). This conclu-
sion was based primarily on incomplete data in the progress reports of

Brins' group (5-7) in which blood transketolase and transaminase ac-

tivities were reduced in rats fed radappertized pork, unsupplemented
with thiamin or pyridoxine, respectively, and were not restored to nor-
mal upon repletion with the respective vitamin (5,O). If the pork
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diets were supplemented initially with the vitamins, the enzyme activ-
ities were not affected by the irradiated pork (5,7). Although the
studies might be questioned, this foreword will not discuss the merits
of the data or their interpretation by FDA; however, it would appear
that when the wholesomeness of radappertized foods is under considera-
tion, the question, i.e., production of antinutrient factors, raised by
FDA must be resolved to the satisfaction of all concerned.

Some persons question the value of the "old" wholesomeness studies.
Irradiation technology has not only changed and improved, but also the
requirements for additive testing have become more stringent. Since
the present day radappertized products are superior to those first-
generation products, it could be assumed that the earlier products
presented the worst possible case. Also, if any irradiation-induced
toxicity had been present, it would have manifested itself more
prominently. In spite of this, when adverse effects were found, sub-
sequent investigations disclosed that these were not caused by ir-
radiation but resulted from other complicating factors. One such
problem, which generally has been given inadequate consideration, was
that radappertized foods (very highly processed and stored at ambient
temperature) have been (unfairly) compared to unprocessed frozen con-
trols. Furthermore, the wholesomeness studies have attempted to prove
a negative -- virtually an impossible task.

Investigators (8,9) from Letterman Army Institute of Research have
already published two reports on thiamin and erythrocyte transketolase
activity in which they used irradiated beef (8) and irradiated chicken
(9). The following report describes the effects of dietary pyridoxine
levels and radappertized chicken on blood transaminase activities in

rats.

NICHOLAS RAICA, JR.
Consultant
U.S. Army Medical Research
and Development Command
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PREFACE

The experimental portions of the study covered in this report were
conducted during the period 1 November 1979-1 June 1980. All raw data
are being stored at Letterman Army Institute of Research. Anyone wish-
ing to examine the raw data or to obtain copies of tables containing
individual values may do so by contacting:

Commander

Letterman Army Institute of Research
ATTN: SGRD-ULZ
Presidio of San Francisco, California 94129

In addition to personnel listed on pagexithe authors gratefully

acknowledge the assistance of COL Ronald Johnson (MOBDES) who helped in-

terpret the data and prepare the report, and Ann Wilkinson and Carol
Allen, typists. We particularly thank Lottie Applewhite, LAIR Technical

Editor, for her editorial assistance and for detecting several poten-

tially serious omissions.
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INTRODUCTION

The testing of control and irradiated meats for antimetaholite
activity against vitamins B-I and B-6 is a requirement of the protocol
entitled "Animal Feeding Protocol for Irradiation Sterilized Test
Foods" originated by the Office for Wholesomeness of Irradiated Foods,
U.S. Army Medical Research and Development Command (USAMRDC), dated
21 October 1975.

The purpose of the study reported here was to determine whether
irradiation (gamma or electron) or thermal processing of chicken pro-
duces factors which are antagonistic to vitamin B-6 in the diet of
rats.

Background and Experimental Design

The present study is similar to another antivitamin study which
was conducted at this institute (1). The same lot of chicken was used
and many of the standard operating procedures were identical. Some
of the experimental details common to both studies have already been
described (1) and will be cited rather than repeated in this report.

The protocol for the antivitamin B-6 study specified that rats
were to be made deficient in vitamin B-6 (according to a pre-set weight
gain criterion). They were then to be repleted with various chicken-
containing or semi-purified diets which had identical (high or mar-
ginal) vitamin B-6 contents and the recovery rates were monitored. A
decreased recovery rate in animals fed irradiated meat relative to
those fed control meat could indicate the presence of an antivitamin
B-6 substance. Such a substance could arise (but not necessarily)
from radiolysis of endogenous vitamin B-6.

Resumption of weight gain was the obvious indicator of recovery.
The other parameters specified by the protocol were blood transami-
nases which require pyridoxal phosphate for activity: serum aspartate
aminotransferase (AST), serum alanine aminotransferase (ALT) and
erythrocyte AST. These enzymes are decreased in vitamin B-6-deficient
rats and humans (2,3). Transaminase activities are much lower in



serum than in erythrocytes and the serum enzylilec; are not us i . r, d
relitable indicators of vitamin B-6 status, at leaist in tilt, hu:.iii ,4)
in fact, serum AST measurements are commonly usedI to detoLvCt u,1 path.J-
logical conditions as myocardial infarction rather thun to asstss
nutritional status. Lrythrocyte AST measurements a,,d, in partlctlzir,
in vitro stimulation by pyridoxal phosphate are cet.idcrd t, be thc
most useful methods for assessing vitamin B-6 S. tatus ki.34). (.rvtII-
rocyte ALT has not been a common measurement beci.use f 1,11 j j
difficul ty of assaying the low activity in the presence -I 1m. ..
bin in hemolvsaites.) The "activi.ty coefficc ct" ratio ,f -t i i ted
to unstimulated activity is presumably indicativc of the proportion j!
enzyme not s_,aturated with cofactor.

The protocol specified that the neat diets contain 35Z:J test iat
(on a dry weight basis). Furthermore, it specified that each nmea.t be
tested at two levels of vitamin intake, a marginal level and a high
level. The high vitamin diets were included to determine whether or
not any antivitamin B-6 substance (if detected) could be overcome by
additional vitamin.

All test meats originated from one lot of chicken which had been
heated to inactivate enzymes. This lot was divided into four parts
and each was further prepared for storage by one of the follo,'ing
treatments: frozen (control); canned (thermally processed); F,,iiini
(cobalt) irradiated; electron irradiated. The last three treatments
produce shelf-stable products and are known to cause decreased vitamin
content. Finally, the protocol specified the inclusion of groups fed
dry semipurified diets without chicken.

To conduct a successful and scientifically valid antivitamin B-6
study according to the guidelines of the protocol, we found it neces-
sary to solve several problems before undertaking the study. The
vitamin B-6 microbiological assay posed particularly challengin., prob-
lems which will be described later in the Discussion. Another problem
was the lack of a reliable standardized erythrocyte transaminase as-
say which would be suitable for large numbers of samples. Al though
the serum assays had beer well established (in fact, commercial kits
are available), erythrocyte transaminase assays left much to he de-
sired (3). To remedy this situation, an autoanalyzer procedure was
developed to assay erythrocyte AST in washed red cells and a Gemsaec
fast analyzer method for whole blood AST was developed. Since w,,
could not know in advance which method would prove more valuable,
both assays were done on all samples. Activity coefficients on1 the
plasmax enzymes were also determined, although this was not specified
by the protocol.

A third problem was the fact that, the protocol specified mar-
ginal repLetion levels to be 8.0 mg pyridoxine/kg diet, but we
suspected that this level might not be low enough to provide a sensi-
Live Lest system. Some reports have suggested that ti B-0 requirement

2jLk5
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of the rat is lower than 8 mg/kg (5,6). Lastly, we felt it essential
to establish that repeated bleeding of rats would not cause elevated
serum transaminases due to muscle damage during cardiac puncture. To
answer the two latter questions and to establish the validity of the
erythrocyte AST assays, we conducted a pilot study.

Pilot Study

Twenty-four female weanling rats were made vitamin B-6 deficient
as indicated in the Methods. A blood sample was taken from each for
transaminase analyses and the animals were divided into 3 repletion
groups of 8 each. The casein-based repletion diets contained 2.0,

4.0, and 12.0 mg pyridoxine'HCl/kg diet. A group of 6 non-deficient
control rats was maintained on the 12.0 mg/kg diet throughout the
pilot study. Figure 1 shows the growth curves of the four groups dur-
ing the repletion phase. All three repletion groups immediately ex-
hibited striking weight gains. After 4 weeks, there was a small but
significant difference in mean weights between the lowest and highest
vitamin groups. There was little difference between the 4.0 and
12.0 mg/kg groups.

The erythrocyte aspartate aminotransferase data yielded similar
conclusions. Within 7 days, both enzymatic activity and activity co-
efficients had returned to their normal ranges except in the lowest
vitamin group (Figure 2). Therefore, it appeared that in order to
promote marginal recovery rates, the diets had to contain less than
4.0 mg pyridoxine/kg diet and 2.0 mg/kg appeared to be suitable. How-
ever, endogenous vitamin B-6 in the frozen control chicken (at 35%
dry weight) contributed more than 2 mg/kg to the diet (Table 1). We,
therefore, chose 2.5 mg pyridoxine'HCl/kg diet to be the marginal re-
pletion level.

The final question addressed in the pilot study was whether re-
peated blood samples could safely be taken by cardiac puncture. We
found no evidence that cardiac puncture caused elevated serum trans-
aminases within the time frame which would interfere with our study
(data not shown). Although an occasional sample did have elevated
values, this occurred so seldom that we did not feel it posed a threat
to the study.

METHODS

Chicken Test Meats

All test meats were supplied by the U.S. Army Natick Research and
Development Command, Natick, MA. They were from a lot labelled "Lot
3" and "Lot 3A" and had been processed according to the procedure out-
lined in Appendix A of the protocol described in paragraph 1 of page
I. The enzyme inactivation, gamma irradiation and electron irradia-
tion have been summarized in our previous report (1).

3
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Animal Care

Male and female weanling rats (156 each) were purchased from
Charles River Breeding Laboratories, Wilmington, MA. Each anima'l was
identified by ear tag and individually caged in a room with a 12-hr
light/dark cycle. All were given ad libitum water and a semi-purified
diet containing 12.0 mg pyridoxine'HCl/kg diet. The casein-based diet
was the same as described previously (1) except a commercial salt mix-
ture was used (Rogers & Harper salt mix (7), purchased from ICN Nutri-
tional Biochemicals, Cleveland, OH, and added as 4% of the diet).

The schedule and diet codes for the two studies are outlined in
Table 2. After one week of quarantine and adaptation (Phase 1), 24 rats
were selected at random to remain on diet A. All other animals were
placed on diet B, which was identical to diet A, except that pyridox-
ine had been omitted (Phase 2). Growth was monitored throughout the
study by thrice weekly weighings. Animals on diet B were considered
to be deficient when the average daily weight gain was less the 1.0 g.
The deficient animals were then randomly divided into 11 groups of
12 animals each. The diet A animals were also divided into 2 1groups
of 12 each. One group of 12 diet A rats and one group of 12 diet B
rats were bled by cardiac puncture and removed from the study. The
remaining 10 groups of deficient animals were placed on 10 different
repletion diets (C through L) and the remaining A group was continued
on diet A. The repletion period (Phase 3) lasted 4 weeks.

Lie t_l'ipjalrat i ons

Values tor proximate analyses, calcium, and phosphorus were re-
ported previously (1). Vitamin B-6 assays were done by a microbiolog-
ical method which utilizes Saccharomyces uvarum (formerly S. carisber-
&etis) a, the test organism (8).

As specified by the protocol, the meat diets were formulated to
contain 35% (dry weight) chicken. The fat and protein levels of the
semi-purified diets were adjusted to be similar to the meat diet.,
based on calculations from proximate analysis data (1). For each of
the meat treatment groups (E through L), a dry premix with fat and pro-
tein omitted and containing the proper amount of pyridoxine-llC1 was
prepared in advance. When mixed with the corresponding meat (35% dry
weight basis), the complete diets contained the specified levels of
vitamin B-6 and were similar to the semi-purified diets, except that
ground chicken replaced the casein, lard, and corn oil. Furthir de-
tails of the mixing and feeding procedures were included in the pre-
vious report (1).

Blood SampjtnG and Analyses

Blood samples were obtained by cardiac puncture from all rats on
days 7, 14, and 28. The animals were anesthetized with penthlrane gas

4



and samples (2.5 ml each) were collected into EDTA-containing syringes.
Hematocrits were determined in duplicate on each sample by the micro-
capillary centrifugation method. Aliquots of each were centrifuged
and the plasmas were removed (in subdued light) for AST and ALT assays
(done on the same day as the blood drawing). The red cells were washed
twice with saline, hemolyzed with distilled water, and stored frozen
until erythrocyte AST assays were done.

AST activity in sera and whole blood hemolysates (18 X dilution
of previously frozen whole blood with 0.9% saline containing 0.1%
Triton X-100) was determined with a Gemsaec Clinical Analyser. The
chemistry employed was a slight modification of the method recommended
provisionally by the International Federation of Clinical Chemists
(IFCC) (9); the principal modifications consisted of lower concentra-
tions of substrates and lower coupled enzyme activities, lower sample
to total reactiom volume ratio, and initiation of the reaction with
sample rather than reagent. Serum ALT activity was determined using
similar modifications of the chemistry recommended by the Scandinavian
Society for Clinical Chemistry and Clinical Pathology (SSCP) (10).
The details of these methods have been published in a handbook of vita-
min B-6 methodology (11). Activities were determined with and without
exogenous pyridoxal-5'-phosphate.

Erythrocyte AST (EC 2.6.1.1.) was measured by an adaptation of the
method described in Technicon Method SE4-0010 FH4 (12) for serum analy-
ses, based on the work of Kessler et al (13). The reagent concentra-
tions were adjusted to permit optimization of the enzyme reactions as
recommended by the IFCC (9,14). The apparatus was modified to allow
the semi-automated measurement of pyridoxal phosphate-stimulated AST
activity under system-controlled reaction conditions. These modifica-
tions are described elsewhere (11).

Although erythrocyte ALT measurements had not been specified in
the protocol, inspection of erythrocyte AST and plasma ALT data sug-
gested that erythrocyte ALT data might be useful. Therefore, an auto-
analyzer assay was developed and the erythrocyte samples were reassayed
for ALT (two months after the original AST analyses). The procedure
for the measurement of erythrocyte ALT (EC 2.6.1.2.) was based on the
method recommended by the SSCP (14) as described in Sigma Tech. Bul-
letin No. 57-UV (7-79) (15) for the analysis of serum. Reagent rela-
tionships were modified as required to adapt the procedure for use with
the continuous flow analytical technique for the Technicon AutoAnalyzer
II. Duplicate analyses for erythrocyte ALT activity were performed in
the presence and absence of pyridoxal phosphate to derive activity co-
efficients.

Data Acquisition and Handling

Animals were weighed using an electronic balance interfaced with
a programmable calculator. The weight data were permanently printed on



paper tape and recorded on a miniature tape cartridge. The informa-
tion on the magnetic tape was then transferred to a minicomputer
(Data General Eclipse C330) to be processed and released in report
format. Programs for transferring and processing the data were de-
veloped locally in the Information Sciences Group.

Plasma aminotransferase data were expressed as IU/liter on the
print-out associated with the Gemsaec Fast Analyzer. These data were
manually transferred to code sheets and card punched. Erythrocyte
aminotransferase data were recorded in digital printout form as "chart
units" on paper tape from the autoanalyzer. These data, appropriate
conversion factors, and hematocrit values were also manually entered
onto keypunch coding sheets. Calculations of enzymatic activity in
terms of [U/ml red cells were done by the computer (programming by
the statistician) in conjunction with the statistical analyses.

Quality control data for both plasma and erythrocyte aminotrans-
ferase activities are summarized in Table 3.

Statistical Analysis of Aminotransferase Data

Past experience has demonstrated the effects of diet and level of
vitamin B-6 to be different for the different sex groups. Hencc, the
measurements taken on the three sample days (7, 14, and 28) were ana-
lyzed separately for each sex to determine the main effects of the
design variable (i.e., diet and level of vitamin B-6) along with their
interactions on each aminotransferase and its activity coefficient.

Based on the assumptions of normality, statistical independence
and the equality of subgroup variances, two-way analyses of variances
were performed with a packaged computer program, BMP Biomedical Com-
puter Program P2V (16).

The following model was used in the two way analyses of variances:

y = m + a. + b. + ab.o + e
1 j IJ

where y = observed enzymatic activity

m = overall mean effect

a. = effect due to diet group

h. = effect due to vitamin level
J

ab.. = effect due to diet by vitamin level interaction
1J

e = error term

6



When the results of the analysis of variance gave a significant
F value for diet effects, a posteriori multiple comparisons were used
to test for differences among means by the Newman-Keuls procedure (17).
In some of the multiple comparisons, the Newman-Keuls test was unable
to find significant group differences and therefore, 95% confidence
intervals were also examined. Three cases were found in which analy-
sis of variance (ANOVA) suggested diet effects, but neither Newman-
Keuls nor the confidence intervals revealed any diet differences within
the vitamin levels. The variances in these cases were significantly
different by Bartlett's test procedure (17). Therefore, the Kruskal-
Wallis one-way analysis of variance procedure (18) was used separately
on each vitamin group in these three cases to test group differences.
Differences were found in two of them and these have been noted in
the ANOVA summaries.

RESULTS

Vitamin B-6 Analyses

Results of vitamin B-6 analyses in the chicken meats are presented
in Table 1. Frozen control chicken had the highest vitamin B-6 con-
tent. Thermally processed, electron irradiated, and gamma irradiated
had 83%, 63%, and 50%, respectively, of the frozen level. Table 1
also includes the calculated amounts of vitamin B-6 contributed by
the chicken in the diets as well as the amount of crystalline pyridox-
ine added to each to obtain the desired total (2.5 or 12.0 mg/kg). It
is obvious that most of the vitamin B-6 in the marginal frozen and
thermal chicken diets had originated in the meats. In contrast, approx-
imately half of the vitamin in marginal gamma and electron diets was
exogenous pyridoxine.

The vitamin B-6 contents of the test diets as determined by
microbiological assays are also summarized in Table 1. Among the
marginal diets, the frozen control consistently assayed slightly
higher than the other groups, despite the fact that the diets had been
carefully formulated to contain identical amounts. The reasons for
the apparent discrepancy will be discussed later.

Animal Body Weight Responses

Growth (weight) curves for both males and females during the
quarantine and depletion phases are shown in Figure 3. Non-deficient
and deficient groups had similar weight changes for 10 days, after
which growth slowed considerably for both males and females on the
deficient diets. The criterion for deficiency of weight gains less
than 1.0 gram/day was met at 33 and 42 days for females and males, re-

spectively. Because males required longer to reach this state of de-
ficiency, their body weights were much greater than the females at

the beginning of the repletion phase.
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Growth curves for the rats fed the repletion diets are pre;eu ci
in Figures 4-8. In each case, the growth curve for the non-deficient
control group is shown to simplify the comparisons. Apparent jogs in
the curves occHIrred :ifter 7 and 14-day bleedings, presumably becaose
of physiological stress on the rats. Occasional animals died follow-
ing bleeding days, but we included their body weights with the data
recorded prior to death.

ihen all groups are compared, it is obvious that rats consuming
meat diets regained their weight faster than those fed the semi-puri-
fied repletion diets. This could be attributed to the fact that the
rats fed meat diets ate more feed (on a dry-weight basis) than those
fed the semi-purified diets (data not presented), presumably because
the meat diets were more palatable.

When fed meat diets, females regained their weight and caught up
with the non-deficiunt controls by or before the end of the repletion
phase. In contrast, although all male groups exhibited marked recovery
of weight, none of them reached the weight of the non-deficient con-
trol group by day 28 of repletion. (This was probably due to the
larger difference between controls and deficients after the longer
depletion phase.) Neither males nor females recovered completely when
fed the semi-purified repletion diets.

Means for initial and final weights for the repletion phase and
average daily gains calculated by week and for the total 28 days are
shown in Tables 4 and 5 for males and females, respectively. Inspec-
tion of these data, as well as Figures 4-8, reveal no differences be-
tween the marginal and high vitamin groups. Thus the level of
2.5 mg pyridoxine per kg diet apparently satisfied the repletion re-
quirement for vitamin B-6 as far as growth criteria are concerned.
Furthermore, no differences appeared between any of the meat groups,

although all of them supported better gains than the semi-purified
replet iou diets.

Frythmtl royt Aspartrte Aminiotrans ferasc (AST)

Analysis of variance significance levels for erythrocyte \SI are
presented in Table o. Both enzymatic activity (unstimulated) and ac-
tivity coefficients were sensitive to vitamin B-(, intake, as revealed
by the highly significant and consistent P values in the vitamin ef-
fect column. Significant diet effects (P < .05) were detected for
enzymatic activity in 4 out of 6 sampling clays and on all days for
activity coefficients. The sources of these treatment effects ,ill 1C
examined later.

[rythrocvte AST group means are graphically summarized in Figures
9 (male.) and 1o (females). Before repletion, erVthrocy te AS' in tihc
deficient males and females was 25% and 40'0, respectively, of the
levels in the corresponding non-deficient controls. Within 7 days,

. . ... . . . , 2



all repletion groups were well above deficient levels and by day 14,

they were at or above the levels of the non-deficient animals. For

all practical purposes, one might consider all groups to have re-

covered within 2 weeks when compared to animals which had never been

deficient. However, the high and marginal vitamin repletion groups
remain clearly distinguishable through 28 days.

Activity coefficient results are summarized in Figures 11 (males)
and 12 (females). At day 0, the deficient groups had mean activity
coefficients of 1.94 (males) and 1.68 (females) compared to 1.06 for

non-deficient animals (both sexes). By day 7, all groups were well
below the deficient values, and by day 14, were at or near the non-

deficient levels. In agreement with the enzymatic activity results
described above, the effect of vitamin intake was obvious through 28

days: all high and low vitamin lines in Figures 11 and 12 are clearly

separated. The only obvious effect of diet was the tendency for the

semi-purified (marginal) group to recover more slowly.

Tables 7 and 8 give group mean values and the results of the

Newman-Keuls multiple comparison tests. Some significant group dif-

ferences were detected, but none was consistently observed throughout

all sampling days. The semi-purified group was slowest to recover

(lowest activity and highest coefficients during the first 2 weeks).

The gamma irradiated groups tended to recover slower than the frozen

controls, but this was statistically significant for enzymatic activ-

ity only on day 7 (males), and for activity coefficient on days 7 and

28 (both sexes). The groups fed electron irradiated chicken fared as

well or better than the frozen control group.

Plasma Aspartate Aminotransferase

Analyses of variance significance levels for plasma AST are sum-

marized in Table 9. Plasma AST was less sensitive to vitamin intake

than the erythrocyte enzyme and P values were significant only on day

7. However, the activity coefficient was significantly (P < .05) af-
fected by vitamin level in all cases except day 28 for males.

Graphic comparisons of plasma AST group means are shown in Fig-

ures 13 (males) and 14 (females). At day 0, the deficient animals

had activities of 38% (males) and 35% (females) of their respective

non-deficient controls. By day 7 of repletion, all groups were nearly

back to non-deficient levels. The effect of vitamin intake (high vs.

marginal) was obvious for all treatments on day 7 (males), for irradi-

ated treatment on day 7 (females), and for frozen, thermal, and gamma

treatments on day 28 (males). On other days, there was no clear-cut

separation between high and low vitamin groups.

Activity coefficient group means are graphed in Figures 15 (male)

and 16 (females). At day 0, the deficient animals had activity co-
efficients of 2.5 (males) and 2.7 (females) compared to 1.2 and 1.3
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for respect ive non-del ic ent groups. By day 7 , itIgop a re,-
turned to, non-deficient levels or nearly SO . .\ tho0ugh tilie ma~rgiral
vitamin groups tended to have hithIer activation coefficiori t:; thanl th'e
high v it ai il gro upq, this was not consistent except (lil days 7 -ind 1 *4

in the males.

Plasma AST group meanls anld roLSo Its ,tNI.'iaiie~anttpccm

pari-son tests are summairi.; ed inl Tab Les 10 (AST activitiv) and 11 (,,ic-
tiVi ty coot iCitIS ) . meeorit~ ians wor i ire eI.dittel-Lcro
(P < .05) but no cons istent trend was obs - rved . T[he g-roups tuod g iai

irrad iated chicken tended to rocover slower than those reec Lvintg I. ho-
zen chicken. Trhis trend was significant only onl day 7 for males ;111
on davs 14 aind 218 for foia les (act:Lvity coefific LentL only)'I. III a <,reu-
ment with erythirocyte AST parameters, thle elkoetron-irradijited g-roups
were not dif ferent froom the frozen cont. t i gr)ups

Plasma Alanine Amiinot rans lerase

Analysis of variance significance levelS for plasrma Al.; and a:,-
tivity coefficient are presented in 'Table 12. Both paramevons were
highly sensitive to vitamin intake as indicaIted b%, thle low P vailues
in the vitamin effects column. Somne effect-; Of diet WoeL 'Otceted
and these will be examined later.

Grapice summa ries of p lasmia ALP glroup means a re shown in l'ist.'tlr
17 (males) andL 18 (teniales) . At day 0, titl' act li ties ill p ISlatiot
deI icIi en t ata Il s .;We I-r'o 8,, (ma les ) 'ind I -)k, ( tonal e-; )of thei( rec-1 ,t Le

cont rolI vailuc s. PyIV 7 tot r'p)itlioo, the Inargi ott I groups h-ie Li-
creased to nea rly thle !LeVels Of non-dief ietL Z~tr l ad tiIL le hig
vitamin groups, hald atllvsurpas sed them. [he- ili gh vi1 alm ilo gratlps
remai ned elevated thlrouuhOut the 4-week observe t Lou period. Alolng
with this dratmatic and persistent OVershoot ofI :alismia ALl , tia iih
and marginal Vitamin rep letion groups wore, 01 ar iv dit f ercnia ~ted at.
a1 I I t I 11105. [ he Oafn ttd 0 he Sejiaral t i On asgreateCr ti1tan had ),1eIo)Ln2
ohservcd Wi th the pli] sma or erChlrot-vte AS I . Ater L te 7- ,. ti we , ,
li ttle further imp toYvhtLl t. ot the mri aIvi tam111 n I rati s in cithcir
sex withI respect to t he no n-defI c ie n t c on t ro I s o, I t he Il I I\ it at mi in

groups . The only apparent effec t of diet was the tendec for tile
frozen (marginal ) group to have hi gheLr enzyma tic lctiv it v t han the
other warginal groups.

P1 tisma ALT act ivit ' v coot f i .it cots areo summatitzed graphilcallyv inl
Figures 19 (males) and 20 (females) . lie 0Ot i talest ha,12S1,d 'I"t I v i ty

coefficients of 2.0) and females 2. i comparotid to 1 . 10r lion-dc fi ci ut.
animals (hoth1 sixe's) onl d ay 0. By day 7, a 1I I ij vi 1 11ii lO vplet ion
groups had dr-opped to tlon-do ticijent levels Or1 bL'1OW. ;\I I II0aiI a II
marginal replttion groups had strikingly improl~ved I) dilv 7, thekir

aLiVIV ckcd tienLus remained elevated and Ii st inLe Itail Lilt, high
vi tamin rep let ion groups throughout the 4-week oh so yi'i jil per iod.
There was lit0 +viou e~Sf feet of diet except, tehpilhe faIster
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recovery of the males fed frozen chicken (marginal vitamin). Although
deficient females had higher activity coefficients, they recovered
faster and more consistently than did the males.

Plasma ALT group means and results of Newman-Kuels comparisons
are summarized in Tables 13 (enzymatic activity) and 14 (activity co-
efficients). Few effects of diet were detected, and whenever differ-
ences were found, the frozen group always had highest enzymatic activ-
ity and lowest coefficients. The gamma-fed males did differ signifi-
cantly from the frozen group on days 7 and 14 (both parameters).
However, this was not observed in the females except on day 7, and
then only in enzymatic activity (Table 13).

Erythrocyte Alanine Aminotransferase

Because of the high sensitivity and reliability of plasma ALT as
an indicator of vitamin B-6 intake, we felt it would be worthwhile to
examine tile erythrocyte enzyme. To do so required development of an
analytical method. We adapted the autoanalyzer method for erythrocyte
AST and improved the sensitivity to accommodate the lower ALT activity
in the erythrocyte (approximately 20% of AST levels). The assays were
done on the samples which had been assayed originally for erythrocyte
AST. By the time the ALT assay could be done, the samples had been
stored frozen (-700C) for approximately 3 months. We have since found
ALT to be stable for at least 3 months when hemolysates were stored
under these conditions (data not shown).

Analysis of variance significance levels for erythrocyte ALT' and
activity coefficients are given in Table 15. Both parameters were
highly sensitive to vitamin intake except the activity :oefficient on
day 28 in the females. Many significant effects of diet and diet-
vitamin interactions were detected which Till be examined below.

Graphic summaries of erythrocyte ALT group means are shown in
Figures 21 (males) and 22 (females). At day 0, the deficient groups
had 12% (males) and 20% (females) of the activity of the non-deficient
controls. During the four weeks of repletion, progressive increases
were observed in all groups. The high vitamin groups increased faster,
but had not quite returned to non-deficient levels by 4 weeks of re-
pletion. The only consistent effect of diet was the fact that at all
time points, the semi-purified marginal group had the lowest group
mean.

Erythrocyte ALT group means and results of Newman-Keuls compari-
sons are summarized in Tables 16 (enzymatic activity) and 17 (activ-
ity coefficients). Among the marginal groups, the semi-purified con-
sistently had the lowest activity and the frozen group the highest
(except for the unusually high electron mean on day 7 in the males).
The marginal gamma group means were lower than the marginal frozen,
but were significantly so only on days 14 and 28 (both sexes). The
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Ii I g;mml Ir,,I;) W,i ls :Is igi icaintl\' lower u1! dai, 7 ( ,E i t,:) 2 :
day 28 (bat I -xcs). L ,'Lron rradiated was s i ,.:i FlcantL 1 % -( , r t! ll:1
the frozen control in 4 Oat o! 0 compe Isons of th, ma r;, i a 'I L :iw

level and slightly, but significantly lower in 3 of the r .umparisons
at the high vitamin I eve]

Activity coefficients of erytLhroc-,te ALI ; ,reasud -ir dr: i
vitamin B-6 deficieni-y than any other activity coei-fi-i-ttts. A, !
0, t lie de fic ient groups had activity coef Icients of 1 .27 (mals -) and
1. 16 (females) compared to 1.06 and 1.05 for the rospetive nor-dt i-
cient groups (f,,otnote. Table 17) . Despite these sMa]] aI bs lute
differences, ANOVA h;id revealed this parameter to bc sensitivc 'o ViLO-
min intake on all sample days except day 28 in the females (Table 15).
Significant differt.nces were detected between diet groups Py .iewinan-
Keuls only on days 14 and 28 in the males (marginal vitamin Level);
the frozen group had tile lowest, and the semi-pur ified, the highest
activity coefficients. However, the importaace of these differences
is doubtful because all means were at or below the level -f tle non-
deficient controls.

DISCUSSION

Comments Concerning Sensitivity of Experimental Parameters

The sensitivity of our test system was limited by the stipulation
in the protocol that the test meats be fed at 357 of dry weight of Liic
diet. At this level, the meats contributed to the diets 1.2 to 2..; nz

vitamin B-6 per kg diet. Therefore, the marginal repletion l,, - in
the study could not be less than 2.4 mg/kg of diet. in the pilot stud\
we lad found 2.0 but not 4.0 mg/kg to be suboptimal relat!',,e Co 12.0 ra/
kg. The low vitamin level selected in the major study (2. mg/ikg) Sup-
ported growth responses which were no different than repcooi.i- to
12.0 mg/kg of diet. However, the low vitamin level was truly marginal
as revealed by tbe distinctly slower recovery rates of all enziyme pa-
rameters.

Vitamin B-6-dependent processes involved in growth (weizht gain)
took priority over the blood aminotransferases during repletion,. The
low vitamin diets contained enough pyridoxine to support maxim-.a] orowth
response, but recovery rates of the aminotransferases were clearly
slower when compared to the high vitamin groups. Thus the blood enzymes
were more sensitive indicators of vitamin B-6 intake than was "Towtll.

Aminotransferases as Indicator of Vitamin 3-6 Status

in this study, ALI' measurements were more sensitive to vi taniin
B-6 intake than AST parameters. This observation has been dorumented
for the plasma enzyme for both rats (2) and humanis (19). Iin addition,
rat All appears to be more responsive than AST to ather physi 1ogic.
st resses" (20,21). Neither AST nor ALT in plasma is con.;id, ered useful
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in assessing vitamin B-6 nutriture in the human because of the wide
range of activity in normal individuals (3,19). In experimental ani-
mals, however, plasma ALT appears to be an excellent parameter.
Furthermore, in our study, both -rythrocyte aminotransferases were
highly sensitive to vitamin B-6 intake.

Of the enzymatic paramaters employed, plasma AST was the least
sensitive to vitamin B-6 intake. After the first week of repletion,
there was no consistent difference between the high and low vitamin in-
take groups in either plasma AST or its activation coefficient. in
contrast, both erythrocyte AST and its activation coefficient did dis-
tinguish between the vitamin levels on all sample days in both sexes
(with one exception). However, from the second week on, all repletion
groups had returned to, or surpassed, the levels of the groups which
had never been deficient (Figures 9 and 10). Thus, the significant ef-
fect of vitamin intake from day 14 on was largely due to the fact that
the high vitamin groups had exceeded the enzymatic activity levels of
the controls (which had been maintained on an intake of 12 mg/kg all
along). The cause and significance of this overshoot are not known.

Plasma and erythrocyte ALT were the most sensitive parameters in
our study. In the deficient animals, ALT was more markedly depressed
than AST in both plasma and erythrocytes. During repletion, not only
was the effect of vitamin intake obvious on all sample days in both
sexes, but the magnitude of the differences was greater than was found
in the AST measurements.

The overshoot phenomenon occurred with erythrocyte AST and to
an even greater degree with plasma ALT. This was particularly strik-
ing among all high vitamin groups, both male and female, for the first
two weeks (Figures 17 and 18). By day 28, these group means were
nearly back to the levels of non-deficient controls. In contrast to
the high vitamin groups, all marginal repletion groups showed a large
increase in plasma ALT only during the first week and changed little
thereafter. By the fourth week, the marginal groups still had lower
ALT activity than the high vitamin groups and the non-deficient
controls.

Plasma ALT activity coefficients of male high vitamin groups also
tended to be less than the non-deficient levels, especially during the
first 2 weeks. Thus the overshoot phenomenon was observed, not only
in terms of absolute enzymatic activity, but also in the relative satu-
ration of apoenzyme with cofactor. Activity coefficients did not over-
shoot in the females. This may be related to the fact that in the
non-deficient animals, the apoenzyme appears to be more saturated with
cofactor in the females than in males (Table 14).

Erythrocyte ALT not only did not overshoot non-deficient levels,

but it was the only activity not to be restored within the 4-week
repletion period. On day 28, the high vitamin groups were nearly back
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pre-mixes (exposure to moisture, light, and iir at room temperature).

Greater destruction of pyridoxine in the thermal, gamma, and electron

diets could have accounted for the decreased vitamin B-6 content in

these diets. Assayable vitamin B-6 was similar in all high vitamin
chicken diets. This is not surprising because all contained relative

excesses of added pyridoxine.

Effects of Diet on Enzymatic Parameters

Brin and co-workers have reported that "rats fed X-irradiat,-d pork

were subject to marginal deficiency of pyridoxine" (22). Theirs wais

not a depletion/repletion study, but instead a simple feeding study in

which rats were fed (frozen) control pork with and without pyridoxinu

supplementation and X-irradiated pork (35% dry weight). After 12 weeks,

serum ALT was highest in the group fed supplemented pork, significantly

lower in the unsupplemented control group, and lower yet in the unsop-

plemented irradiated group. (There was no irradiated + vitamin B-6

group.) The results were completely consistent with the assavabe vita-

min B-6 contents of the meats. Thus, the "marginal deficiency of pyri-

doxinc" would be detected only when the diets are formulated to con-

tain no additional source of the vitamin.

In the present study, there was no one diet group which was dra-

matically and consistently different from all others in terms of en-

zymatic responses to repletion. There were however, trends; e.g.,

among the marginal vitamin groups in general, the group fed frozen

chicken responded the best, and those fed the semi-purified diet the

poorest. The lower responses during repletion with the semi-purified

diet can be explained by the lower food consumption. At equivalent in-

takes, this diet should have promoted responses equivalent to the, meat-

containing diets. Without a paired feeding study, however, it is

difficult to compare responses on the semi-purified diet to the chicken

diets. The chicken-based diets were consumed at approximately equal

amounts and growth rates were essentially identical for all of them.

The frozen control group usually had the highest enzymatic activ-

ities and lowest activity coefficients among the marginal groups. This

is consistent with the slightly higher vitamin B-6 content of the frozen

(marginal) diet, which was discussed above. The marginal vitamin groups

fed thermally processed and electron irradiated chicken fared almost as

well as the control group (frozen chicken) and were statistically dif-

ferent in only a few cases. The group fed gamma irradiated chicken

tended to respond the slowest of the meat groups.

The enzyme data could support a conclusion that the diets contain-

ing gamma irradiated chicken promote slower repletion of vitamin B-6-

deficient rats than diets containing frozen chicken. Differences

between these groups, especially in plasma and erythrocyte ALT activi-

ties, were statistically significant a sufficient number of times to

allow such a generalization If other factors were not considered.
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0 ALT (both in plasma and erythrocytes) was a better indicator
of vitamin B-6 status than AST under the conditions of the present

study. The magnitude of the differences between deficient and control
values was greater for ALT than AST. ALT parameters were not only
slower to recover, but their recovery rates were more dependent upon
vitamin B-6 intake than were the corresponding AST parameters.

0 The enzyme responses of rats fed frozen, thermally processed,
and electron irradiated chicken were similar. Responses of some of
the enzymatic paramaters were slightly delayed in groups fed gamma
irradiated chicken at the marginal vitamin B-6 level. No differences
were observed at the high vitamin level. Similar results were obtained
with both male and female rats.

0 No evidence was found for antivitamin properties in electron
irradiated chicken. The amount of antivitamin B-6 activity in gamma
irradiated chicken (if indeed present) is minimal and probably not im-
portant enough to offset advantages of food preservation by irradia-

tion.

RECOMMENDATIONS

None
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Table 2. Schedule and diet codes for antivitamin B-6 studies
1

Pha:,;e Length of Phase Diet Groups

1. (Quarantine) 1 week A

2. (Depletion) 33-42 days A,B

3. (Repletion) 4 weeks A, L-L

Vitanin B-b Level

Diet Code Diet mg/kg dry weight.

ASenipurified 12.0 (non-deficient con-
trol group)

B Semipurified 0 (deficient diet)

C Semipurified 2.5

1)Semi puri fi ed 12.0

Chn i Iii in

Frozen Chicken 2.5

Frozen Chicken 12.0

G Thermally Processed 2.5

IIThermally Processed 12.0

IGamma Irradiated 2.5

.1Gamma Irradiated 12.0

Electron Irradiated 2.5

I.Electron Irradiated 12.0

'The cx(xlri menta I des ign was ident ical for both studies except one used a I
male animals and the other all females.
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Table 3. Summary of quality control data for plasma and erythrocyte amino-
transferase activities

Within Day Precision Between Day P'recision

Mean S.D. C.V. Mean S.D. C.V.

Plasma AST1

Normal 2  19.1 1.08 5.65 19.2 0.42 2.17
Normal 3  23.4 1.17 5.00 23.4 0.88 3.73
Elevated4  42.1 1.87 4.44 42.1 1.31 3.1]

Plasma AST Stimulated
Normal 3  36.4 1.39 3.82 36.4 0.69 1.88
Elevated4  68.9 2.07 3.00 69.1 1.53 1.21

Plasma ALT1

Normal 2  21.5 1.12 5.21 21.4 0.82 3.83
Normal 3  30.5 1.07 3.51 30.4 1.23 4.05
Elevated4  86.2 2.89 3.35 85.9 3.21 3.73

Plasma ApT Stimulated
Normal 34.4 1.89 5.49 34.3 1.21 3.62
Elevated4  92.5 3.64 3.93 92.3 2.65 2.87

Erythrocyte AST
5

Normal, Male Rat 1.91 .050 2.62 1.90 .047 2.47
Deficient, Male Rat 0.50 .028 5.60 0.49 .017 3.46
Normal, Female Rat 1.86 .052 2.81 1.85 .059 3.19
Deficient, Female Rat 0.76 .041 5.46 0.75 .025 3.33

Erythrocyte AST, Stimulated
Normal, Male Rat 2.09 .053 2.52 2.08 .083 3.99
Deficient, Male Rat 1.06 .044 4.20 1.05 .034 3.24
Normal, Female Rat 2.06 .060 2.90 2.05 .097 4.73
Deficient, Female Rat 1.32 .060 4.57 1.31 .071 5.42

IlU/liter. 2Dade Monitrol I; American Hospital Supply, Miami, FL. 3Sigma Enzyme
Control -2N. 4Sigma Enzyme Control -2E. IU/ml packed red cells. Appropriate
pools were prepared in advance, divided into aliquots and stored frozen at -700C.
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Table 6. Analysis of variance (ANOVA) significance lvels for eryth-
rocyte aspartate aminotransferase activity.

Erythrocyte Aspartate Aminotransferase Activity (Unstimulated)

Vitamin Diet Interaction

Males

Day 7 .000 .000 .000
Day 14 .000 .139 .035
Day 28 .000 .0262 .517

Females

Day 7 .000 .001 .023
Day 14 .000 .080 .297
Day 28 .022 .527 .282

Erythrocyte Aspartate Aminotransferase Activity Coefficient

Ma I es

Day 7 .000 .000 .000
Day 14 .000 .0003  .000
Day 28 .000 .000 .000

Females

Day 7 .000 .000 .000
Day 14 .000 .034 .107
Day 28 .000 .007 .004

'P values obtained by ANOVA on 5 food groups, 2 vitamin levels (Groups
C through L). 2Variances were significantly different by Bartlett's
test. Kruskal-Wallis nonparametric analysis revealed no significant
diet effect. 3Diet differences were not significant (P < .05) by
Newman-Keuls test. Examination of 95% confidence intervals did reveal
apparent differences.
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Table 9. Analysis of variance significance levels for plasma aspar-

tate aminotransferase activity
1

Plasma Aspartate Aminotransferase Activity
(Unstimulated)

Vitamin Diet Interaction

Males

Day 7 .000 .001 .008
Day 14 .059 .148 .375
Day 28 .143 .765 .796

Females

Day 7 .002 .067 .11S
Day 14 .062 .0442 .180
Day 28 .349 .005 .036

Plasma Aspartate Aminotransferase Activity
Coefficient

Males

Day 7 .000 .000 .000
Day 14 .000 .018 .536
Day 28 .797 .794 .761

Females

Day 7 .001 .222 .029
Day 14 .000 .000 .004
Day 28 .000 .011 .045

1p values obtained by ANOVA on 5 food groups, 2 vitamin levels (Groups

C through L). 2Diet differences were not significant (P < .05) by
Newman-Keuls test. Examination of 95% confidence .nlervals revcaled
apparent differences.
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Table 12. Analysis of variance significance levels for plasma alanine
aminotransferase activity

Plasma Alanine Aminotransferase Activity

(Unstimulated)

Vitamin Diet Interaction

Males

Day 7 .000 .000 .679
Day 14 .000 .007 .558
Day 28 .000 .0262 .678

Females

Day 7 .000 .005 .252

Day 14 .000 .0122 .890
Day 28 .000 .0463 .412

Plasma Aminotransferase Activity Coefficient

Males

Day 7 .000 .000 .024
Day 14 .000 .004 .179

Day 28 .000 .407 .409

Females

Day 7 .000 .0302 .915
Day 14 .000 .688 .323
Day 28 .000 .501 .690

1P values obtained by ANOVA on 5 food groups, 2 vitamin levels (Groups

C through 1). 2Variances were significantly different by Bartlett's

test. Kruskal-Wallis nonparametric analysis revealed significant diet

effects at high vitamin level only. 
3Diet differences were not signi-

ficant (P < .05) by Newman-Keuls test. Examination of 95% confidence

intervals did reveal apparent differences.
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Table 1S. Analysis of variance significance levels for crythrocytc
alanine aminotransferase activity

1

Erythrocyte Alanine Aminotransferase Activity

(Uns timul at ed)

Vitamin Diet Interaction

Males

Day 7 .000 .000 .000

Day 14 .000 .000 .000
Day 28 .000 .000 .000

Females

Day 7 .000 .000 .067

Day 14 .000 .000 .003
Day 28 .000 .000 .025

Erythrocyte Alanine Aminotransferase Activity
(Coefficient)

Males

Day 7 .000 .004 .000
Day 14 .000 .021 .012
Day 28 .000 .004 .054

Females

Day 7 .000 .283 .362

Day 14 .000 .397 .540
Day 28 .600 .429 .867

IP values obtained by ANOVA on S food groups, 2 vitamin levels (Groups

C through L).
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